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This review wvas undertaken to determine whether there
is evidence to support the reality of a stage of Formal Operational
Thought, whether there is agreement as t¢ the Age nf Acquisition of
it, and the effect of schooling on the acquisition of the ability to
perform formal operational tasks. An extensive reviev of the
literature, including many journals outside the field of educatioa,
was carried out. Results of the study include: (1) there is very
little evidence for a Unitary Stage of Formal Operational Thought;
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of acquisition of Formal Operational Thought; (3) there is evidence
to show that schooling has an effect on the age at vhich subjects
become able to perform formal operational tasks; and (4) specific
science curricula. do not seem to effect change in performance on
formal operational tasks. The results of the review of literature .
suggest that the idea of one stage of Formal Operational Thought may
not be useful in the attempt to understand adolescent thought and to
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- : T e ATING T POINTS CF VILW OR OPINIONS -
I. INTRODUCTION STATLD DX NOT NECCSYARILY ncungs

SENT OF§iCIAL NATIONAL iNY TITUTE OF
EOUCATILN PUSITION OR PO"LJ(V

The ability to solve certain types of problems end perform certain cogni=
tive tasks marks the transition from childheood to adolescence in Piarctian theory.
The theory nropnses that betveen the agés‘of 11 and 14 adoloescents enter inte
a stege of formal operaticnal thoucht in which it becomes possible for then to
reason vith propositions end hypntheses Ly using the operations of formal logic,

Tae transition from concrete to formel operations is the subject of The

Growth of Lopiecal Thinking from Childhond to Aldolescence, written by Planet in

collaboraticn with Barbel Inhelder and first published in English in 1958, (The
French edition was published in 1655.) The book brings torether the empirical
findings of Inhclder and the theoretical formulations of Piapet. The former
censist of the results of presenting to children and adeolescents 1% problems
which require advanced reasoning for their snlution. 'The thecretical secetions
contain Piaget's annlysis of the tosks and nn explicaticn of the mechenisms of
their snluticons in terms of the 16 binary propositions of formal logic. The
formnl operaticnal stare is called Stage III ~nd is divided into substane IIIA,
at which stasge Pisget and Inhelder found adolescents frecm 11-12 to 1L4-15 years,
en?d substage IIIB, which acdolescents were found to enter at 1k to 15, Tosks
which require formal 5perational thousht had heen described earlier in The Child's

Concertion of Geonetry (Pinpet, Inheller, and Szeminska), published in France

in 1948 and in Great Britain in 1952, Lut the theoretical aspects vere not fully
elaborated at thet time.,
The present review was undertaken to determine whether there is a body

of evidence to support the reality of a stage of formal operational thowht,

Paper presented for discussion at the annual mecting of the Natisnal Assceiation

for Research in Science Teachins, Chiceso. April, 197h.
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to exanine the date »n the factaors asscelated with intellectunl developrient
durines adnlescence, and to consider vhat the irplications of these night be for
curriculun and tenching rethens in sceondary schocl science,
II. THE THEOK:

In Piepetian theory there arce four phases of growth vhich characterize
intellecturl develnprient: the sensorinotor stapge, the preoperational stase, -the
stase of coocrete operations, and the stage of fornal cperations., 1In this
context an operation is a "reversible, internalizable action which is bound
up with -others in an integrnted structurc;..(lt) is a reans for nentally
trensforning date about the real world so theat they nay be...used in the
solution of problens" (Pisget snd Inhelder, 1958, pp, ¥1ii-xiv). An operation
ray be carried out externally, in the nanipulation of categories (concrete) or
propositions (forrmal). Conerecte operations rre nental actions which oraanize
observed nr experienced renlity and do nct necessarily involve the actual
nanipulation of tangible objects., For exarple, the additicn of arithmetic
nurbers is o concrete operation (Adler, 1966), An operation diffcrs from the
simple actinn or pral-directed behavi r of tiie precperational child in that
it is internnlized end reversible; that is, the actien which had to be earried
out externally by the precperatisnal child can be carried cut internally {("in
the head") by the concrete operatiosnnl child, and the child understands that
the result of an actinn ean Le reversed by reversine the nction. A child in
the cnnerete operatinns stape whe puts a weipght on a brlance and sees that the
scale tips ton far in one direction can tnke such corrective action as
searching for a lighter weirht on the basis of an internal mental structure,
He 1s nn lnnﬁer dependent on trial and-error as o neans of solving protlens,

As the child rrovs and his ebility f%r 1nriticel thinking develops he uses

concrete operntions with increasing focility and on 1mre ernplex preblens
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However, when he is confronted with e problen in vhich hie rust isolate one

varinble ond hold one or nere other varietles constant, or in which he nust

think nf all the possible conbinetions end systeratically exclude some of them,

his thought systen (i.e., the structure of csncrete operations) is inadequates

he cannot solve the probler until he is able to reason with prepositions

and hyprtheses., fThe ability to consider the possible as well as the gixgg
and to use ccribinatorial-anelysis in solving problens distinguishes fornal fron
ancrete‘nperational thnught,

III., PRESELRCH RELATED TO-THEORY

Pinret has been eriiicised from the besginning for his attenpt to equate

the operations of farmel losie with the nental structure »f an adolescent (or

on adult). Parson (1960), a logicinn, arguss that Piaget is not consistent in
his use of the terns of logis, that his arcunent is very hard for a logician

tc £911ovy end thet, in offect, the i~oa dcesn't riake sense., 'More recently, two

logicirns and a clinieal psycholopist (Bynum, Thonns and Weitz, 1972) systen-

atically exanined the protceols in The Growth of Logical Thinkine for

evidence that all 16 of the Linary operations of formal logic were, in fact,
usc by the subjects in solvine Inhelder's problens. They could identify only
eight §f the operations, did not find all 16 »werations to be necessary for sol-
vinr the problers, end believe it is highly unlikely that adolescents use all

16 cperations, They report that they could not, in their discussions, teeching,
or in any other way cxpress 6 of the 16 operations in everydsy lengunge. Lovell
(1961) who has replicated and extended Pinget's work in nany areas of nathema~-
tics, has, nevertheless, called Pinpet to task for fercing adolescent thinking
into en inappropriate logical nmodel, Finally, Lunzer, wha stated in an earlier
vork (1965) that hie adid not velieve that the lopgic of the frur-prcup was

psychnlomicnlly fundarental teo formnl operations, stated 1ore recently (1973)
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that he is now cven rore c¢onvinced that formal lopic is not a good descriptor
or rodel for the nental structure which is ferrmed during rcolescence,

fnether nspect of the theory which has received nuch attention is Plaget's
use cof the concept of stare (Fluvell ond Wohlwill, 1969; Kessen, 19703 and
Pinard and Lourendeau, 1969). Wnat does it mean to sey that a child has reached
a certnin "staze" of eopnitive developnent? There appeaf to be seversal popular }
nisconceptions about the concept 5f stepe as used by Plaret and Ly those who
work within the Pinzetian franeworl, One nisconception is that the passape
frnm sne stage to the next is sudden and abrunt, A child is sﬁid tno have becone
"concrete operational" if he can perform one task characteristic of the atage
of concrete operations and is then asswied to be able to perfori other sinilar
tasks. Another nisconcention is that there is a fixed order of acquisition of
individual concepts within each stage. A third nisconception is the idea that
a child of a cerinin ape will autonatically bLe in a certain Piapetian stare,

llene of these touch on the essentinl fenture of a stage, which is e
unifyine, underlvine nrocess of reasoning, applicable to a broad ranpe of
problens or tasks. The fornmulaticn of the integrated rental structure which
rekes it possible for a child 4o perform the tasks gharacteristic of a stage
Is & gradunl process vhich usually trkes sereral ycars for corpletion. Thus,
there is o trrnsition pericd in vhich the child uses the new proecss of reasoning
only nccasionelly and incensistently, His responses arce variable, conten&-
bound andl inconsistent. As he bLarins to use the new reasoning precesses in
same arens, there ill Le other arees in vhich he revertes to the reasoning
rrocesses and explanations ~f the earlier stape. These tine lags in applying
the cperatinns or processes, which are referredl to as "decalagas", continue until
the wnderlyine structure is ernselicated ond can be applied to all probliens,

repardless of situatisnal or ccntent variables. At this noint the structure
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is stabilized, Pinget's early work indiceted that the component orerations
which nake up a strwe develop in unisnn along a hroad front, but subsequent
work seens to indiente that there are individual varietions, notii, sequence
of the najor stares, which are prohably invariant in sequence, but in the
scquence of the tasks to which a developine structure is applicd,

The starze of concrete operations has received more attention than the other
staes and is probably better understood. There seens to Le consensus that it
is reassmeble to enll this period a "stege"; that is, that therc is cvidence
of a2 unified, unierlying rensoning nrocess which is brought to bear on e wide
ron~e¢ nf problers. The question vhich we core to now is whether there is
sufficient evidence to sny that the rentnl shilities which ererge in adn}escence
can olss e said to constitute a stare,

One of the first investipators to replicate the Inhelder and Piaget
.xperirents wes Lnvell (1961). e repeated ten of the experirents, testins each
of 200 subjcets on four of the tasks., The subjects' sgres randed fron 8 to 18,
Althourn sore of the older subjects coculd not perforn the tasks, an indicstion
that they had not scouired formal operational nbility, the stratepries used
ty the subjects were ruch the sane as those Adescribed vy Inhelder end Pieset {195¢€
The results of the investiraticn led Lovell to conclude that the nain stages
in the develeprient of 1lapical thinking propnsed Ly Inhelder and Piaget had been
confirned, In spite ~f this, he raised the questicn whether Piaget had forced
the children's responses into a predeterrined theoreticel nodel, rather then
ndJusting the nedel to fit the response,

Lovell end Orilvie (1961) reported the results of enother stuly in which

they replicated sone of the work described in The Child's Conception of

Guoretry and erncluded thot Piaret wos correct in plecing the sttninnent of
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certain volure concepts in the fornal period Liecause conercte aperations were
not sufficient for the soluticn nf the volume tasks.

Work was alsn done Ly Lunzer (1960) on the volume problen, His work
confirned the findinrs of Piaget, Inhelder, ond Szeninska (1952) e¢oncerning the
children's performance of thoe volune tasks but did not find support for Pidcet's
thearetical treatrmeat of the basis for attainnent of advanced voliumie concents;
1.e., the usc of formal lopic as a rodel for the reasoning process used by
adolescents, ‘

In a rore importent paper, Luhzer (}970) reviewed the evidence for the
existence of a single process of reasaning underlying rerforriance of all the
conercte operationdl tasks and concluded that the evidence is in favor of
affirming o unitary process for concrete operations, Then he posed the question
" whether thore is a "parallel'unity>of precesses uncerlying the further elabor-
tions of ressoning that have been temed "fnrmal".,; undk"whcﬁher Piagcﬁrie
justified in postulating the existence of two successive ievels in theydevelo§¥
rent of lorieal reasohing, or whether, vhen the child has attained the level of
'conerete' reasoning...further progress would be & iatter of quantitative pains
rather then e differcnce in tyne of reasoning.” (p. 595).

In order to study this prnbler he constructed a teat composed of four groﬁps ‘
of analorics uhich he thousht would require for their sﬁlutibn the sané struétural f&;f
complexity of thoupht which wes necessary for the perfornance of Piaget's >‘
‘formal operationnl‘tpsks. Children of ages 9 to 1T were tested.ﬂ Hé hud pre-  :;7f;  :

{ dicted that the 9-ycar-01ds uould be able to snlve the firvt, nnd easiest, gr“unﬂ‘
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of 11 or 12, Thus, his answer to the question posed at the bLepinning of his
paper was affirm~tive; i.e, he thought that his work has shown that there is
further structurel developnent beyond eoncrete operations and thnt there is one
underlying process which charccterizes this development,

The work described abnve was done in the early 1960's. I!Mhre recently Lunzer
(1973) mave an nddress to the Piaget Socioty at a neeting in Philadelphia in *
which he stated that lic no lonper Lelieved that there was cne underlying process
in frrral operations Lut that there are, instead, several developrments in
rcasdninr beycnd the level of concrete operations, ahd thet the reensnition of
second-order relations which he had previously proposed as the uﬁdérlying fnctor.
is inadequate to describe o1l of these developnents. In addition to his éwn
verk, he cited the vork of Peel (1971) and others. He defined four categories
of tasks which represent advances in reaspnina, the first escquired as early as
11 or 12 years; the last not acquired, if at all, until late in the teens. Tt
is his view that trus formal réé&ohinn is rarcly used and that neither adoles=
cents nor rmost edults are very Fond at it,  Luzer alsc reiternted one voint
which he mndc in the earlier paper: that the difficulty of problems at this
leyel cannot be reasured sclely or even neainly inAterms of structuré or forn
and that the content also rust be token into consideration-

Bart (1971) testud the hypothesis that formal operavional skills are uni-

fector, using princinal cormponent end factor anelysis to exemine~the results

' ,hf te stinv adﬁleseents an three tcsts of fornql reasoninr which he devised and

g;four Pi&ﬁutiﬂn fornml onerabions tasks.: He founc the four tasks to be uni-
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interpreted his results ns indicatine that therc are prololly at least three
indenendent abilities invalved, He suzpested also that various gkills and
attitudes held by adolescents nay be rore inportent than "structural variations",

Another investiqation vhich had a sorewhat different ocuteoie should also
W rientioned, Brainerd (1970) carried out en experirment in which he tested
children of esea 8-9, 11-12, and 14-15 on conservation of liquicd volune, conser=
vation'of solid volume and Censity., He interpreted his results as giving
evidence that concepts of volume nnd density both presupposc some uwnderlying
cornitive skill., Since thesec concepts fall very clese together in tine of
acquisition end wou;d probably be at the sene level in Lunzer's 3ategorization'
of tasks, the findin~ of one underlying copnitive skill, or reascning process,
»in tasks 8o close tegether in the developnent hiérnrchy nay not bé«incompétible
with the findings of Lunzér and Berkowski,

In snite of sone contradietcry findinrs end aifferences of cpinion and
;nterpretaticn, the bulk of the availaole evidence seems to sunport these
conclusions:

(1) There is a qualitative change in comitive structure dp

reasonin; obility Leyond the level of concrete operations, This

is to say that, hovever nuch they nay ‘e eleborated or extended.

the nncrations of the concrete stare are not sufficient to |

‘account far: the ability to perfurn the tasss “cscrib 0 by Plaget and v

,Inhelder and various tests and tasks of advanced reasoninr oevised ~

: ,,j’by qther investigatcrs.;,l“"

“"13?[prAvbd t be Very useful in helpinr psychologisps:oriédgcgpQ?S{‘;u .

QIERJKZL i ;umderstand adolescent thinkinv‘:



r;f  view, we are acccrtinv tHe aceumpﬁion1hat nnturatlon ﬁleys n nart in cognitive

o
(3) The development in lopical thinking beyend the conerete
operntions level prebebly cannnt be adcquately exylained by one
underlying process, Piapet and Inhelder {1958) recommized this
te a certain extent by describing two substages for Stase III,

. but the main thrust of Pispet's arpument was to establish the

unity of the essential process which rinkes possible the per-

formance of the tasks which they used.

FACTORS ASSOCIATED WITH INTELLECTUAL DEVELOPMENT DURING ADOLESCENCE

fhe churse of intellectusl developrient durine chilchond is new nmuch Letter
understosd thnn intellectunl develcpﬁent during adclescence. fill younr children
appear to pass throush sinilar developnentel steps in a reuraly sequential
way and &ll of themn, socner or latcr, cevelop the mental structures which allew
then to use conerete operations in pfoblen golving, The sawe cannot be said
for edolescent nental rrowth and the use of formal operations, "Thege is aiple
evidence," acesrdines to Furth (1973)", that all healthy persons in all socicties
an? renks of 1ife reach the stage of concrete operntions, 4 1like sssertion
cannct Le made with equal confidence for formal thinking.  Piaget is rirhtly
cauticus on this ﬁoint." (p. 67V,

Sorie of the fectors whihhrmny be associsted with dttainment of fornal
operations will now be considcred

1, fee is the tnst obvious facter, sincc, in a’optinn .'Pianetian voint of
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The results of these end other studies make it clear that only a minority of
adolescents seen capable of, or find it necessary to, use this mode of thought,
A few are ehle %5 solve Stare III A problens as early es 11 or 12, but nost
- connot solve truly fermal oneretional problems until late in the teena or later,
if at qll. Studies which have ineludcd subjects well beyond acolescence (Hirgens-
Trcnk and Gaitc, 1971; Tomlinson-Keasey, 1972) have found that many adults
connot, or do not, use formal operations at all in the test situation. Pinset
is avare that the tres he rave for the attainment of formal operatisns have not
heen corrnbornted.by othor investipators snd that somce persons never attain
this level of intellectual cevelopuent., He has sugrested (Piarct, 1972) ;hat
this Aiserepancy may have occurred because his oririnel work was cnrriéé4out
on pupils from better schools in Geneva and that suhjects who have had less
stim&iating and cognitively nourishinc environnents nmay lag behind‘in develop-
nent or never realize the possibilities which are icherent in all normal people.’

The najority of hish school studlents are probably‘not able to ﬁse fornal‘
cperations except; periiaps, in a snall nuiber Af situations; It is certainly
e nistale to nasume that even upner-level secondary students, except those who
arc very able, have accoss to forral operations for the solution of most
probléns.
2. The,éple ~f culture and elucation in pronoting intellecturél development
hﬁs heen the subject of several interesting studies. Greenfield (1966), in a

stuij of schoolei and unschcolea children in Senorﬂl fhund thnt the nattern of

::conservatinn attninment vas sinilar fqr both prouns up to a»out nine years of
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or ten., Goofnew and Bethen (1966) tested children in Hene Kong on three conser-
‘vntidn tasks and on one tnsk of corbinatory reascning and cormared their per-
fornances with those of children in the United Stotes, They found thad the
unschonled Hong Kong children performed os well as their Anerican counterparts
on the conservetion tesks but that they could not perform the task of combina-
torial reasoning. Peluffo (1967) compafed the perfornance of adolescents who
hat recently noved from s rural area to an industrial Italian city with those
- who he? rrown up in the city on a test of combinatorial rcasoning. He found
that rmore of the eity-bred children thon the rural children could devise the
necessary stratery (i.e., usdd formal operational thousht) for the solution of
the prcﬁlcm. Finnlly, Ynzny and Chx (1973) compared suburben American youths,
Puerto Hiéhh'youths vho had prown up in the e~ntinental United States,; and '
rPuerto Rican youths vhe urownkup4on the Island on perrorhance of four formal
cpefationsl tasks, They found that the ages for successful performance of the
tasks was 12-13 for the suburban youths, 1«15 for the Puerte Rican youths
vdueated here, and 16-17 for the youths elucated on the Island,

It is impnssibilz t~ untangle the effects of culture and schroling, The
type of education vhich young people receive is heavily dependgnt en the ¢ultural
nilicu, the lomes from which they cone, anc. other imponﬂLrabiEnfnctors. Heverw
theless, it ié evilent that overall educational experienée is an imvortant
factor in the rrowth of lanical thinkinb This has béen explicitly recoﬁnized

by Pianet (19?2) who suﬂpcsted that the reason for the ape difference between f

1 ~'the Genevn auclescents and others may be the superior quwlity of the schoolinﬂ'5a; “f
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AMthowh the quality of scheelins or educational envircnment has a marked
effect on develepuent of roasonins ability, inclusion of selzcted itens or a
- propram in the shesol curriculum hes not been shown to be effective. Lovell
(1961) {ound that‘his subjects did no bétter en fornal operationnl tasks N
'vvhich formed a part of the curriculum than thev daid ch‘otﬁer similér tasks‘and
;Tcetes (1970) found no Aifferences in performence betweaen stuuents who had been ;
“in a snecial science progran (I“CS) and those vho had not.
b, Traininc or instruction on specidic tasks, on the othor hand, has been
_showﬁ to he'effeotivé in o number af experiments, Thiékhas coYle a8 sométhinﬁ
of & surprise hecause it has heen round to e extremely'difficult'to teach
concrete operational tasks and one might have suppnsed the same vould be true

;for formal operational tasks.

In Bucharest Fishbein, Pampu, nnd Hinzat (1970) pave direct instruction

k;'to 60 subjects of anes 10, 12 and 1h on a fornal operational task of corhinary g

analyis and report that the instructicn was effcctive in improvinp the stuﬂents' 1~

ability to 6 the task. Tonlinson-Keasey (1972) tested six~grade girls, univer—' :
sity vorien students, end middle-pmed worien on three tasYs, followed this with
traininr, posttesting inmediately after traininr, and after an 1nterval of one
week, She frund that the training produced_increases‘in conceptunl level on .k "
‘all‘three tasks but Riﬂ not produce trahsfer to‘other tasks, T |

Brainerd and Allen (1971) aarried ou+ an experiment in which they used.

'k;k, feeobnck and consecutiVo sinilar stinuli to train lO« anc 11— chiloren in ro ';v 

; ensity conservation. Thoy report that "the traininr effect fﬁr density conser-ﬁ?
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,concept tn another tesk, In another traininy experiment, 8iepler, ILiebert,
and LiOhort'(1973) toucht 10~ ond ll-year old hoys to solve the pendulum
problen throuph presentation of a concoptuel frarevork, two analog probleﬂs,

4

end o neasurenont instrwent.

HethOrs nf teaching formel operations have been etudied in several experi~ o
- ments, Sheehan (1970) classified a snmple of 60 st:dents as concretea or- l
fornal-onerationnl, nnﬂ'aqsivned then at random to a concrete- or formal-

onerational tralninp Froup. This rnade a 2x2 desirn, uith one half of ‘the

wonerate=level studcnts recelving concrete—level treininn and the other half

rec ivinv formalqlevel training, one half of the formal-level students receivinc PR

eoncrete-level traininn snd tho other half receiving formel level treininn.
The outcone wns thet formal operational stuﬂents showed rreeter nnins renardless':

" of mode of instructien, that achievement was uore durablo for formal-operational

- students, and thet cencrete—level 1nstruction vas more effective for all students -

Egan and Greeno (1973) compared the results of discovery and rule learning

end interpreted their results as showing that in the discovery method students $

assemble nev meterial to existing etructure ‘end that in rule 1earning they
acquire new structure.
' The convent or subject matter of the tashk has increasingly come to be

' recognized a8 a factor in the dbility to solve problems. Lunzer (1973) has f

'suggcsted and Stone ond Ausubel (1969) haVe produced evidence ‘that the structure ;;1;{;

fﬁ?_vjof e problen may not be the determinin'ﬂ faetor in whether it wlll be solved; ;,iff*:‘
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reading ability but used enelopics exteasively vith the apparent assumption
that verbal snnlogices required only formal operetionnl thourht and had no
lanpunge comﬁonent; Furth has stg&ked nany aSpects of the reletionship of
lengpuare to copnitive’crowth. About the formel period he wrote, "Verbal
statcmentskahd nropositions ccﬁe inﬁo their own as primary nourishment of the
child's intellisence es he is petting closer to formal operational functioningt”
(?ﬁrth, 1970). |

The following factors heve been shawn to be associcted with intellectual

developnent during adnlescencet age, cultural and cducational milieu, training

in specific tasks, certain instructional methods, and, possibly, reeding and

lenruase ability.

IMPLICATIONS FOR CURRICULUM AND METHODS IN SECONDARY SCIENCE

The present sccondary sciencb curriculum is hased on the structure of
.science and to e larre extent ignores the structure of thc adolesccnt intellect. 
A najor change in point of view will be required if science instruction is to 
promote intellectual prawth for all, or evena majority, of secondory students,

One of the stronrest impressions o emerpe from readingyihé literature
en formal oneratiocns is the vﬁst differences between adolescents in intéllectual"
achievement and ability. Znstruetion cannot =possiﬁiy bring about 1earniﬁg
~unless it~takes these differences inte account. The hiph level of interest,.
:even preoccu)ntion, with the idea of Piaaetian stapes and the performance of

":f certain tasYs has hbscurod the overall thrust of Piaoet's work qnd led to

';the notion tna; we have to wait until an- adnlescent becomes "formql operatiénal"‘
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on the point that intellectual developrent is sradual during adolescence, that
there are inpértnht factors sutside of the ¢ontrol of the school, but that the

. séhoolﬂ have an important role in this developrient. |

Following are scre of the inplications nf the literature vhich has been
reviewved; | |

1. There is a wide divefgénce in ability tokperform formel operational

and other'sinilat tasks. The need is for a pronramrwhich will allow

all adolescénts to make prorress in the development of

reasoning abiiity.

2. Teachers should not wait for students to "become formal

operatinnal" It nny never happen.

;3 The ability to solve oreblems which require higher reasoning '

iability is nnt o sudden ncquisitinn which will immcﬁiately

ipeneralize to other nroblens of the sane 1oﬁical structure. A

:student's copnitive onerationnl 1ovel is likely tn differ from ,

subiect matter to subject matter, particularly durinp the

Junior hish school ueriod.

L, Yost instruction, esneciallv that bolow the Jjunior year,:

should ve in a eoncrete operational mode. This dces not nean

2 that it should all tnke ‘place in the laboratory, but that ‘

;Vjproblens shnuld be posed in cancrete terns, nppronched fron L -

._rr ﬁ:}differcnt anfles, and that students 8hou1d be enpnred directly:ff~'f:



«1G=
5. The content of a nroblen nay be rore importont thar the
structure of the problem, The wisdon of tryinr to teach
disenbodied 9prncesscsa of science", without regerd to content
should berﬂiVen anoiher 1§ok. ' ’ |
6. Much more necds to e kndwn about the relation of~reading'und
1anaunne ability to intelleetual dev lopmcnt veyond childhood.

7.  We need much more knowledpe of the Qetails of how important '

concents are ncquired (the fine structure of task or concent B

'acquisitiﬁn)

Finally, ve miqht consider ‘Tow useful or productive it 1s to think aolely7 7:§1r
in terms of formal nnerations and’ Piayet taaks in considerinp adoleacont
'~copnitive prowth. The four-square box. of formal lopic seems too tipnt and

constrictinp o container for the broad range of reasoning powers which aro

' possible.
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